In the cores of some clusters of galaxies the hot intracluster plasma is dense enough that it should cool radiatively in the cluster's lifetime [1] [2] [3] , leading to continuous 'cooling flows' of gas sinking towards the cluster centre, yet no such cooling flow has been observed. The low observed star-formation rates 4,5 and cool gas masses 6 for these 'cool-core' clusters suggest that much of the cooling must be offset by feedback to prevent the formation of a runaway cooling flow [7] [8] [9] [10] . Here we report X-ray, optical and infrared observations of the galaxy cluster SPT-CLJ2344-4243 (ref. 11) at redshift z 5 0.596. These observations reveal an exceptionally luminous (8.2 3 10 45 erg s 21 ) galaxy cluster that hosts an extremely strong cooling flow (around 3,820 solar masses a year). Further, the central galaxy in this cluster appears to be experiencing a massive starburst (formation of around 740 solar masses a year), which suggests that the feedback source responsible for preventing runaway cooling in nearby cool-core clusters may not yet be fully established in SPT-CLJ2344-4243. This large starformation rate implies that a significant fraction of the stars in the central galaxy of this cluster may form through accretion of the intracluster medium, rather than (as is currently thought) assembling entirely via mergers.
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The galaxy cluster SPT-CLJ2344-4243 was discovered by the South Pole Telescope 12 via the Sunyaev-Zel'dovich effect, with an initial estimated 11 mass of 16:6|10 14 M 8 , where M 8 is the mass of the Sun. These data were supplemented with new broadband optical g, r, i, z imaging from the Mosaic II camera on the Blanco 4-m telescope (Fig. 1) , optical spectroscopy from the Gemini Multi-Object Spectrograph (GMOS) on the Gemini South 8.1-m telescope, optical long-slit spectroscopy using the Inamori-Magellan Areal Camera and Spectrograph (IMACS) on the 6.5-m Magellan telescope, near-infrared long-slit spectroscopy using the Folded-port InfraRed Echellette (FIRE) on the 6.5-m Magellan telescope, mid-far-infrared imaging using the Photodetector Array Camera and Spectrometer (PACS) and the Spectral and Photometric Imaging Receiver (SPIRE) on the Herschel Space Observatory, and X-ray imaging spectroscopy using the ACIS-I camera on the Chandra X-ray Observatory. Additionally, we have acquired archival near-far-ultraviolet imaging from the orbiting space telescope Galaxy Evolution Explorer (GALEX) archives, near-midinfrared imaging from the Two Micron All-Sky Survey (2MASS) and Wide-field Infrared Survey Explorer (WISE) archives, and 843-MHz radio imaging from the Sydney University Molonglo Sky Survey (SUMSS) survey. Further details of these data and their processing can be found in the Supplementary Information.
We estimate the mass of SPT-CLJ2344-4243 from the X-raymeasured pressure (Y X ; M gas 3 T X , where T X is the X-ray-measured temperature of the intracluster gas and M gas is its mass) of the intracluster medium, using an externally calibrated pressure-mass (Y X -M) relation. The relation was calibrated using a local sample of relaxed (that is, non-merging) clusters from X-ray estimates of the total mass that assumed hydrostatic equilibrium 13 . By iteratively adjusting the value of r 500 (where r 500 (or r 200 ) is the radius for which the enclosed average density is 500 (or 200) times the critical (or average) density of the Universe) such that the Y X -M 500 relation is satisfied, we converge on values of r 500 5 1. 14, 15 . The GMOS multi-object spectroscopy of 26 galaxies, each exhibiting only absorption features, yielded a robust biweight estimate of the redshift (z 5 0.596 6 0.002) and velocity dispersion (1,700 z300 {200 km s {1 ), the latter being consistent with the picture of an extremely massive cluster. The velocity distribution is consistent with a Gaussian distribution, but the limited number of redshifts does not preclude velocity substructure or multimodality. The smooth X-ray isophotes suggest that the cluster may be relaxed, and although the cluster member velocity distribution is consistent with an undisturbed cluster, the velocity data lack the statistical power to constrain the cluster's dynamical state robustly.
The integrated rest-frame X-ray luminosity at 2-10 keV,
45 erg s {1 within r 500 , is greater than any other known cluster in this band. The high central luminosity, which is predominantly cooling radiation, in turn results in a high X-ray cooling rate, as defined by dM dt~2
Lmm p 5kT , where m is the mean molecular mass of the intracluster medium, L is the X-ray luminosity, m p is the mass of a proton and kT is the temperature of the intracluster gas. Assuming a cooling radius of 100 kpc (see Supplementary Information), we measure an intracluster medium cooling rate of 3,820+530M 8 yr {1 , making this the strongest cooling flow yet discovered (see Table 1 for comparison to other clusters). The intracluster medium in SPT-CLJ2344-4243 exhibits a significant drop in temperature, accompanied by a rise in the metallicity in the central 100 kpc that is reminiscent of nearby cool core clusters. Furthermore, the short central cooling time (less than a billion years, ,1 Gyr), along with the low central entropy (,100 keV cm 2 ), resembles nearby strongly cooling cores, such as the Perseus 16 and PKS0745-191 (ref. 17) clusters. The discovery of a strong cool core at z 5 0.596 is particularly remarkable because recent X-ray and optical surveys have found a general lack of strong cool cores at z . 0. 4 (refs 18-20) , with relatively few exceptions.
Much like the central galaxies of low-z cool-core clusters [21] [22] [23] , SPT-CLJ2344-4243 exhibits bright, spatially extended, optical line emission (that is, [ Fig. 2 ). We were fortunate to intersect what appears to be an extended filament with one of our randomly oriented slits, which has a length of about 70 kpc. This is similar in extent to the most extended optical filaments in the core of the Perseus cluster 24 , and orders of magnitude larger than typical jets in cluster cores (such as M87; ref. 25 show evidence for a Seyfert-like active galactic nucleus (AGN) in the central galaxy, while at radii exceeding 20, the optical line ratios resemble those in the star-forming filaments of z < 0 cool-core clusters 26 (see Supplementary Information).
Apart from the exceptionally high X-ray luminosity and central cooling rate, what sets this system apart from the majority of nearby galaxy clusters is that there is significant evidence for a dusty starburst in the central galaxy of SPT-CLJ2344-4243. The rest-frame 0.1-500 mm spectral energy distribution (Fig. 3) Galaxies that make up the galaxy cluster share a common brown colour, owing to their similar star-formation histories and common distance from Earth. The central galaxy, which is both the most massive and most luminous galaxy in the cluster, is considerably bluer than the rest of the member galaxies, suggesting significantly younger stellar populations. This is more obvious in the zoomed-in inset. The lower right inset, which shows an ultraviolet colourcomposite, reveals a bright ultraviolet source, with no accompanying emission from the surrounding member galaxies. Dotted lines represent the orientation of the optical and near-infrared long-slit spectra. b, This false-colour image shows the adaptively smoothed X-ray data, with photon energies from 0.7-2.0 keV (to minimize AGN contribution), of SPT-CLJ2344-4243. The image clearly shows the luminous, centrally concentrated core, as well as the relatively smooth, relaxed morphology of the intracluster medium. White contours represent the Sunyaev-Zel'dovich decrement (significance levels of 5, 10, 15, 20 and 25) against the cosmic microwave background. The circularity of these contours agree with the scenario that this system is not currently undergoing a major merger with another galaxy cluster. Prior to this work, RX J1347.5-1145 was considered both the most X-ray luminous and strongest cooling galaxy cluster, with a luminosity of L2-10 keV 5 60 3 10 44 erg s 21 and cooling rate of 1,900M8 yr {1 . The star-formation rate of the central galaxy in SPT-CLJ2344-4243 is exceptionally high. We quantify the efficiency of converting the cooling flow into stars with the parameter ecool, which is simply the star-formation rate normalized to the classical cooling rate. The high star-formation rate implies that SPT-CLJ2344-4243 is converting around 20% of the cooling flow into stars, which is considerably higher than the vast majority of low-redshift cool-core clusters. X-ray properties and star-formation rates of the lower-redshift clusters are taken from the literature 6,28,29 .
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and strong 24-160 mm emission, combined with signatures of ongoing star formation (near-and far-ultraviolet emission, bright nebular emission lines, weak 4,000-Å break) and a heavily obscured central AGN (E(B 2 V) nuclear < 0.5, n H, X-ray < 40 3 10 22 cm
22
). Using the full multi-wavelength data set, which includes X-ray, near-far ultraviolet, optical, near-far infrared, and radio data, we estimate an extinctioncorrected, AGN-subtracted star-formation rate of 740+160M 8 yr {1 , assuming a geometric correction of 45% for the long-slit spectroscopy and an AGN contamination fraction of around 40%-50% (see Supplementary Information for details) .
The presence of extended (around 70 kpc), morphologically complex (Fig. 2) , star-forming filaments coincident with the central galaxy in SPT-CLJ2344-4243 is reminiscent of low-z cool-core clusters like Perseus and PKS0745-191. However, while these clusters have substantial amounts of star formation (around 20 solar masses a year) 4, 5 , this is still orders of magnitude less than predicted by the classical cooling estimates based on the X-ray luminosity (Table 1) . This disagreement has become known as the 'cooling flow' problem, and it is generally assumed that some form of feedback is responsible for halting the cooling intracluster medium before it reaches the cold , where the vertical axis is the spatial direction (along the slit) and the horizontal axis is the spectral direction. F n is the emission flux. These emission lines result from warm, ionized gas at about 10 4 K, which is probably heated by a combination of young stars, shocks and feedback from the central active black hole. The fact that the [O II] emission is significantly more extended in one direction (position angle of the slit, relative to north h < 135u) suggests that the emission is non-axisymmetric, and is consistent with the scenario of radial line-emitting filaments. The extent of this emission (.50 kpc) is reminiscent of optical filaments observed in the core of the Perseus cluster 24 . Beneath each colour image, we show the spectrum that is generated by summing along columns of the colour image. These spectra show the high signal-to-noise ratio of these emission lines, leading to highconfidence estimates of the emission line luminosity. c, The near-infrared spectrum (in the observed frame, l Ha 5 1.05 mm) shows emission from both the Ha and [N II] lines, extended over similar radii (.50 kpc). We show on the y-axis the integrated specific flux (F n ) as a function of wavelength in the rest frame of the galaxy cluster, along with the associated 1s measurement error. A typical central cluster galaxy is morphologically classified as an 'elliptical' galaxy, and has an average spectral energy distribution like that shown in purple in a. In contrast, the central galaxy in SPT-CLJ2344-4243 has a considerable excess of emission at both ultraviolet and infrared wavelengths, indicative of strong star formation. While there is significant evidence for strong feedback from the central, supermassive black hole in this cluster (see Supplementary Information), this figure shows that simple models of AGNs (quasars type 1 and 2, and Seyfert type 1.8 shown in a) are unable to reproduce the spectral shape of the central galaxy in SPT-CLJ2344-4243. However, in b we show templates 30 of four different dusty starbursts, or ultra-luminous infrared galaxies (ULIRGs), which provide a much better match to the data. This good agreement suggests that the central galaxy in SPT-CLJ2344-4243, unlike typical central cluster galaxies, contains a dusty starburst and a heavily obscured AGN. Specifically, the spectral shape is most similar to those of M82, a dusty starburst with a strong wind, and IRAS 20551-4250, which is a composite of a highly obscured AGN and a vigorous, dusty starburst.
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phase. SPT-CLJ2344-4243, however, represents one of a very few exceptions to this general trend 4, 27 , where the high star-formation rate represents a significant fraction of the massive cooling flow (Table 1) . Whatever feedback mechanism is responsible for preventing runaway cooling of the intracluster medium in low-redshift galaxy clusters is clearly operating with a lower efficiency in this system. Although the central galaxy hosts an AGN, as shown by a hard X-ray point source and strong radio emission (see Supplementary Information) , it may be that we are observing this system during a small window in time when the AGN is rapidly feeding off the cooling flow, but the power output of the AGN has not yet fully coupled to the intracluster medium, and therefore is able to halt a smaller fraction of the total cooling than in typical low-redshift clusters (such as Perseus). That systems with such high cooling and star-formation rates are not observed at z 5 0 suggests that either this system is unique, or that the mechanism which quenches cooling may have been less effective in the early Universe. Further studies of distant, strongly cooling galaxy clusters are needed to differentiate between these two scenarios.
The high star-formation rates inferred from optical line emission and near-far-ultraviolet, optical, and mid-far-infrared continuum emission, combined with the strong signatures of X-ray cooling, suggest that the central galaxy in SPT-CLJ2344-4243 may form a substantial fraction of its stars through an intense, short-lived cooling phase of the intracluster medium. Such strong cooling cannot be sustained for a significant amount of time, or both the central galaxy and its supermassive black hole would become too massive, and the central galaxy would have stellar populations considerably younger than those observed in giant elliptical galaxies today. This implies that episodes of strong cooling are short-lived, in contrast to the longer episodes of strong feedback observed in nearby clusters.
